Researchers have identified the molecule in seminal fluid that induces ovulation in llamas. The molecule is an isoform of nerve growth factor (NGF) and may have an effect on ovulation in a broader range of species.
Mammals have evolved a variety of ways to control ovulation. Most mammals display spontaneous ovulation, where ovulation occurs at a fixed time during the estrous or menstrual cycle. In a variety of species across several orders, however, ovulation is induced by mechanical stimulation of the cervix during mating.
The Camelidae family, composed of camels, llamas, alpacas, vicuñas, and guanacos, has an interesting variation on the theme of induced ovulation. In the mid-1980s, researchers working on camels found that ovulation could be induced by administration of seminal fluid, either vaginally or by injection into the muscle. The unknown molecule in the fluid was called ''ovulation-inducing factor.'' Subsequent research suggested that seminal fluid also had an effect in animals considered to be spontaneous ovulators, such as mice and cattle. For instance, administering llama seminal fluid to mice induced ovulation in a prepubertal mouse model. But the exact molecular nature of ovulation-inducing factor has been elusive-until now.
Using column chromatography, Marcelo Ratto et al. purified ''ovulation-inducing factor'' from llama seminal fluid and used it to induce ovulation in llamas. Subsequent sequence analyses and crystallography showed that this molecule was b-NGF, an isoform of NGF. NGF is best known for its role in promoting outgrowth of neuronal projections, but it has also been found in bovine seminal fluid and the ovaries of cows and women. There is some evidence that it plays a role in ovulation; for instance, NGF stimulates estradiol secretion in cultured cells from the human ovary.
The researchers speculate that NGF may act as a hormone, particularly since it can have an effect when injected, and because previous work has suggested that ''ovulation-inducing factor'' may operate by affecting reproductive hormones in the brain. Future experiments with purified b-NGF will help flesh out the mechanism of action and establish more precisely how this molecule may affect ovulation across species. A cell culture method revives fertility in male mice that fail to make sperm, according to a report in the Proceedings of the National Academy of Sciences.
Takuya Sato et al. examined Sl/Sl d mice, which fail to produce sperm due to mutations that cause the loss of a membrane-bound protein known variously as Kit ligand (KITL), stem cell factor, and steel factor from the surface of Sertoli cells. These are the somatic cells that support spermatogenesis and they express KITL as a cellsurface protein. The receptor for KITL, known asc-Kit, is a tyrosine kinase expressed in developing spermatogonia and spermatocytes.
To correct the deficit in Sl/Sl d mice, Takuya Sato et al. turned to a cell culture system they developed previously. When spermatogonial stem cells present in testicular tissue from wild-type mice are cultured in this system, they emerge as fertile sperm. Those from Sl/Sl d mice do not. However, when the researchers added recombinant KITL to cultured testicular tissue from Sl/Sl d mice, they were able to induce differentiation of spermatogonia up to the end of meiosis.
To finish the job, the researchers added colony-stimulating factor 1 (CSF-1), which is known to function with KITL in other cell systems. Addition of CSF-1 enhanced the effect of KITL and prompted spermatogenesis, leading to the production of sperm. These sperm gave rise to apparently healthy offspring.
The cell culture system will be useful not only for studying the mechanisms of spermatogenesis, such as assessing the exact role of CSF-1, but it will also provide a new path to correcting certain types of infertility in humans. There is a battle going on in the gonads. New findings in mice show how a gene on the Y chromosome conflicts with two genes on the X chromosome for supremacy. The prize: being passed along to the next generation at the highest rate possible.
Some genetic elements-variously known as transmission distorters, segregation distorters, or meiotic drivers-defy Mendel; they are transmitted to the next generation with a higher frequency than the expected 1:1 Mendelian inheritance ratio. For instance, such an element, if found on the Y chromosome, might promote the survival of Y chromosome-containing sperm. Transmission distorters are also expected to rapidly give rise during evolution to genetic elements that counter their effects, called suppressors. Transmission distorters and suppressors may be expected to engage in an evolutionary ''arms race,'' leading to gene amplification of the two conflicting elements.
Researchers have theorized that such an ''arms race'' could occur between genes on the X and Y chromosomes, particularly since they have long stretches of non-recombining regions. Transmission distorter gene complexes are often found in regions with low rates of recombination, since the tight linkage of genes allows for upstream ''distorter'' genes to co-evolve in the same genomic regions as downstream ''responder'' genes.
Evidence for conflict between the X and Y chromosomes comes mainly from Drosophila, but the new study shows that this chromosomal battle of the sexes can occur in the testes of mammals as well. It seems that the Sly gene, expressed on the Y chromosome, conflicts with a pair of related genes on the X chromosome, Slx and Slx1 (Slx/Slxl1).
Previous studies have shown that Sly has been co-amplified with Slx/Slxl1 during the evolution of the mouse genome, and both Sly and Slx/Slxl1 are present in dozens of copies, a pattern consistent with the genes being in conflict. Julie Cocquet et al. built on such observations and found that both Sly and Slx/Slxl1 have features of a transmission distorter. The researchers showed, for instance, that male mice lacking Slx/Slxl1 produce more than 50% male offspring; this sex ratio distortion was corrected by Sly deficiency. The same findings also applied in reverse: male mice lacking Sly produce more than 50% female offspring, a sex ratio distortion corrected by Slx/Slxl1 deficiency.
Genetic experiments also suggested that Sly and Slx/Slxl1 seem to have opposite functions: Sly tamps down sex chromosome gene expression in spermatids, whereas Slx/Slxl1 stimulate gene expression. Sly and Slx/Slxl1 thus act both as distorters and (mutual) suppressors. Sly and Slx/Slxl1 contain a domain thought to mediate chromatin interactions, potentially explaining why they have global effects on the sex chromosomes rather than regulating only a few specific responder genes that can skew the sex ratio.
The researchers speculate that the conflict between Sly and Slx/ Slxl1 may explain why many genes in addition to Sly and Slx/Slxl1 are present in multiple copies on the sex chromosomes. Perhaps this gene amplification is an evolutionary response to escape the repressive activity of Sly. Some of the shared targets of Sly and Slx/Slxl1 may be ''true'' responder genes that are actually involved in skewing the sex ratio, while other targets are likely to be ''innocent bystander'' genes that have become caught up in the conflict.
The researchers also suggest that skewed ratios of Sly and Slx/Slxl1 copy number may promote speciation through hybrid male sterility. A study in Nature Genetics provides an estimate of the human mutation rate at about 60 new mutations per generation and points to fathers as the source of most mutations. The findings complement several recent studies, including three reports showing that older fathers transmit more mutations than younger fathers.
The human mutation rate has been difficult to pin down with precision. For instance, a whole-genome sequencing study of two families published last year in Nature Genetics suggested that there is variability in the human mutation rate. In one family, 92 percent of de novo point mutations had a paternal origin, whereas 64 percent of such mutations in the other family came from the mother.
In the new study [1] , Evan Eichler and colleagues took a different approach. They examined families from a population of more than 1400 Hutterites, a religious group derived from a remarkably small founder population of 64 people. Many of the genes in this population show autozygosity, a characteristic that the researchers leveraged to estimate the rate of de novo mutation in these regions across several generations. After sequencing DNA from 15 people (five parentoffspring trios), they emerged with the estimate of 60 new mutations per generation. Eichler and his colleagues also determined the parental origin of 26 of 176 de novo single-nucleotide polymorphisms and found that 22 of them (85 percent) originated with the father.
In a separate report in Nature [2] , Kari Stefansson and colleagues examined de novo mutations in a large number of individuals (219 in 78 families) and emerged with the same estimate as Eichler: 60 new point mutations per generation in a population with an average father's age of about 30. The researchers similarly found that fathers passed on nearly four times as many new mutations as mothers did. And while the mother's age did not affect the number of point mutations she transmitted, Stefansson and colleagues found a strong effect with paternal age. They estimated that a 36-year-old man will pass along twice as many mutations to his child as will a man of 20, and a 70-year-old man will pass along eight times as many.
The human mutation rate observed in these two reports is in agreement with that of several other studies over the past several years. The findings are also in sync with another study by Eichler and colleagues published this April in Nature [3] . That study showed a paternal bias for de novo mutations associated with autism, as well as an age-associated affect. Similarly, epidemiological data suggest that autism, schizophrenia, and other neuropsychiatric disorders are more likely to occur in offspring of older men.
A fourth report in August, also by Stefansson and colleagues [4] , used a less direct method to examine mutation rate, relying on an analysis of human microsatellite regions. That report also showed an increase in mutation rate with the father's age, but the increase was not as extreme and the overall human mutation rate was higher, perhaps because of methodological differences.
The results make sense from a physiological and mechanistic perspective, given the continuous rapid mitotic and meiotic activity as sperm are formed in adult males, and the consequent susceptibility to mutagens. The vast majority of point mutations do not affect health, but the brain may be particularly susceptible because it expresses a large number of genes.
